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Abstract 
Serious games are proposed as a more efficient and enjoyable way to carry out cognitive assessment. We compare prediction of 
cognitive ability with a purpose-built serious game and with a similar game built using a game engine. In an experiment 
conducted with 28 participants, performance on the two games is assessed relative to three cognitive abilities, using two different 
tablet sizes and two different input methods. The results for the game-engine variant were similar to the purpose-built game, 
where both games significantly predicted performance on the three cognitive abilities, and were sensitive to the effects of age. 
Performance on both games was not significantly affected by tablet size or input method. These results support earlier findings 
that serious games can provide valid cognitive assessment, and they show that game engines can be used to develop serious 
games for cognitive assessment, cost effectively and without loss of predictive validity. 
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1. Introduction 
Serious games are games that are designed with a primary focus other than entertainment1. Game mechanics, 
embedded in the interaction between end users and software systems, increase participant engagement while 
facilitating skill development, learning, or pursuing some other ''serious" goal. Among the serious games that have 
been developed in recent years, many have been designed for use in health care, with goals such as managing 
juvenile diabetes2, reducing obesity3, and coping with asthma4. These serious games vary in their design, with genres 
ranging from role-playing games2 to puzzles5; they are available on different desktop and mobile platforms; and can 
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be customizable to the interests of particular users. Yet, they all share the same intent of promoting health-related 
behavioral change, and educating users, through increased user engagement, consistent use, and systematic 
interaction between the user and their game "coach" who, having access to game-performance data, can provide 
relevant feedback and guide the user's game play. Even though games offer tremendous potential, their design is a 
challenging and their effectiveness is all but guaranteed: users may not find them interesting or enjoyable to play and 
they may not fully meet their intended purpose (e.g., educating participants). Thus, development of serious games is 
risky, and the cost of implementing and evolving them through trial-and-error may discourage researchers from fully 
exploiting their potential. In order to simplify the task of developing new games, researchers at the University of 
Alberta (Alberta, Canada) have developed PhyDSL-26, a game engine for 2D physics-based games. PhyDSL-2 
supports the cost-effective development of instances of a broad class of game types through the specification of the 
game logic and behavior in a game definition file, which gets subsequently transformed to a playable game through a 
sequence of transformations by the PhyDSL-2 game engine. In the research reported in this paper, we evaluated how 
a version of the whack-a-mole game developed using the game engine compared with a purpose-built version of the 
whack-a-mole game developed at the University of Toronto (Ontario, Canada). The aim was to use a serious game 
version of whack-a-mole for cognitive assessment, to validate the two different versions of the whack-a-mole serious 
game against standard tests of cognitive functioning and to gain some insight on the relative merits of the two 
development processes: custom-built versus model-driven.  
2. Cognitive Assessments 
The goal of our serious game development was to provide a novel and valid way of assessing cognitive status. 
Changes in cognitive function are part of the normal ageing process7 and elderly adults tend to exhibit a higher 
prevalence of age-related cognitive impairments such as dementia, mild cognitive impairment, and delirium8. 
Accurate screening of cognitive impairments can assist in differentiating age-related versus abnormal cognitive 
decline9. 
Determining a patient's cognitive strengths and weaknesses enables clinicians to estimate their ability to make 
medical decisions, and to live independently and to plan ahead for future support10. In healthcare, there are standard 
cognitive assessment methods such as the Mini-Mental State Examination (MMSE)11 and the Montreal Cognitive 
Assessment (MoCA)12. These screening tools are paper-and-pencil based and they require administration by a 
trained healthcare professional such as a physician or clinical researcher. Current cognitive screening methods are 
only minimally interactive, creating little in the way of engagement or entertainment, and providing patients with no 
intrinsic motivation to complete the assessment. 
Software suites such as CogTest13, the Cambridge Neuropsychological Test Automated Battery14, and Oxford's 
Cancellation Tools15 offer computerized versions of traditional cognitive tests. However, in addition to validation 
issues when moving a test to the computer medium, there is the problem of potential lack of motivation when 
performing somewhat uninteresting tasks on a computer. Games have been proposed as an enjoyable way to 
stimulate cognitive activity in elderly users16 and to improve brain fitness or to preserve cognitive status. However 
such games do not yet provide validated cognitive assessment, and evidence as to whether they improve broader 
measures of intelligence is mixed (e.g. 17). Thus, there remains a need for a validated, game-like screening tool that 
can be completed rapidly and independently (or with minimal assistance) by patients, thereby empowering, and 
motivating individuals to take a more active role in assessing their cognitive health.  
 
The Interactive Media Lab at the University of Toronto developed a serious game to assess cognitive ability18. 
The game was developed as part of ongoing iterative design process, collaborating with a clinical team with 
extensive experience working with elderly adults and with cognitive assessments18,19. The serious game mimicked 
features of the classic psychological Go, No-Go Discrimination Task20 and was modeled on the carnival game 
whack-a-mole (Fig. 1). The Go, No-Go Discrimination Task is a measure of inhibition ability, an executive function, 
which is necessary for the inhibition of behaviors. Previous work by21 has demonstrated that there are age-related 
declines in inhibition, thus making this game suitable for an elderly population at risk of age-related cognitive 
decline. Moreover, we conducted a usability study on the serious game with a young, healthy sample and compared 
the game's ability to assess cognitive status with validated psychological tests of executive function 18. The serious 
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game had a significant relationship (r = 0.60), with the Stroop Task, a test of the inhibitory executive function that 
declines with age (e.g. 22). 
 
 
Fig. 1. The purpose-built version of the whack-a-mole game developed by 18. 
The whack-a-mole game is currently being used in an on-going clinical study with over 140 elderly patients (over 
the age of 70 years) in a hospital emergency department in Toronto, Ontario, Canada. While game performance in 
this study shows significant correlations with standard clinical assessments such as the MMSE and MoCA, many of 
the patients commented that the game was "too easy", which prompted us with the need to create different versions 
of the game for patients with varying abilities. A method was needed for creating different variants of the game 
quickly and easily and fortunately, the PhyDSL-2 game engine had recently been created and could be used to 
address this challenge. In the remainder of this paper we briefly describe the PhyDSL-2 game engine, and evaluate 
the performance of a variant of the whack-a-mole game developed using the game engine, with performance on the 
purpose-built whack-a-mole game developed at the University of Toronto (Ontario, Canada). Our evaluation 
criterion was the sensitivity of game performance measures to age-related differences in cognitive ability. The 
research question we asked was: how well can serious game variants created with a game engine function in 
carrying out cognitive assessment? 
3. PhyDSL-2, a Game Engine for 2D Physics-based Games 
PhyDSL-2 is a game engine for 2D physics-based games6. PhyDSL-2 includes a domain-specific language that 
allows the specification, study, and optimization of game designs. PhyDSL-2 provides a game-authoring 
environment for non-programming experts using the domain specific language, and model-driven technologies, to 
specify games. Fig. 2 shows an example of a game (Alien Miner) developed using PhyDSL-2. 
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Fig. 2. Screen capture of the Alien Miner game and Whack-A-Mole game as implemented in PhyDSL-2. 
The types of games that can be built using PhyDSL-2 are constrained by the concepts captured in the language. 
Particularly the PhyDSL-2 language includes five gameplay definition sections, namely, (i) mobile and static actor 
definition, (ii) environment and layout definition, (iii) timed activities definition, (iv) scoring rules definition, and 
(v) control definitions}. Intuitively, any game where an actor (the player) moves in a physical space perceived 
through a top-mounted camera or through a head display and avoids (interacts with) static and movable obstacles 
(targets) can be described in PhyDSL-2 and built by its engine. As reported in 6 PhyDSL-2 is capable of generating 
between 80% and 100% of the total lines of code needed for the implementation of different gameplay designs. 
To take advantage of the quick specify-develop-test cycle enabled by the PhyDSL-2 game engine, we re-
implemented the whack-a-mole game in PhyDSL-2. Fig. 2 shows the definition file that was used to specify the 
whack-a-mole game in PhyDSL-2. Using PhyDSL, we reduced by 50% the total time required to create and adapt 
whack-a-mole gameplay variants that fit our experimental requirements. This time reduction was mostly due to the 
ability of PhyDSL-2 to re-generate complex gameplay behaviours, such as distractors and variable target spawn 
rates, with simple high-level statements. PhyDSL-2 automatically generated 85% of the variable lines of code 
needed to produce our desired gameplay design; the remaining 15% were manually coded in order to implement 
user-data collection features. An experience report on how PhyDSL-2 allows the rapid prototyping of gameplay 
designs, different from whack-a-mole, can be found in 23. 
The WaMoriginal (original purpose-built) and the WaMPhyDSL-2 (PhyDSL-2 generated) versions of the game varied 
in target and distractor characters, point structure, character appearance, and game duration, as shown in Table 1. 
Table 1. Summary of differences between the game variants. 
 WaMPhyDSL-2 WaMoriginal 
Target/Points Mole/ 10, Squirrel/ 20 Mole 1 / Raccoon 10 
Distractor/Points Rabbit / 0, Butterfly/ 20, Blue Mole 
/Freeze 5 seconds 
None 
Next Target Appearance After: a) 2 seconds of current target 
missed, or b) current target selected 
After current target selected 
Game Duration 60 seconds 60 character appearances 
4. Validation of the two Whack-A-Mole Games 
An experiment was conducted to assess the effectiveness of the two whack-a-mole games (WaMoriginal and 
WaMPhyDSL-2) in detecting cognitive ability. The goal was to determine whether the concept of whack-a-mole based 
on the Go, No-Go Discrimination task produces similar results in measuring cognitive ability, regardless of software 
implementation and user interface design. Measures of cognitive ability were obtained using established cognitive 
tests for executive function24 (the Stroop Task, the Wisconsin Card Sorting Task, and the N-Back Task), and speed 
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(on correct trials) on the cognitive tests were correlated with corresponding performance (speed on correct trials) on 
the two game variants. For more information on the three cognitive tests see 25. 
The independent variables for the experiment were the game versions, deployment tablet size (7-inch versus 10-
inch) and interaction method (stylus versus finger). Measures of game performance were used as the dependent 
variables. The experiment used a 2x2x2 fully within-subjects design. Twenty-eight healthy participants (14 males 
and 14 females, three left-handed) ranging in age from 21 to 67 years (mean age: 41 years) received $20.00 CAD for 
the participation in a research protocol that was approved by the University of Toronto Research Ethics Board 
(protocol #30662). 
5. Results 
A correlation analysis was performed to compare each game's correct response time (CRT) and performance 
accuracy (with CRT) on each of the three cognitive-ability tests (see Table 2). All of the correlations were 
statistically significant, showing that, with both of the games, performance was related to all three cognitive abilities 
that were tested. 
Table 2. Correlation between each median CRT and percent accuracy on each cognitive ability task compared to the RT and accuracy on each 
game variant. p < 0.05, ** p < 0.001. 
 Age Inhibition CRT Shifting CRT Updating CRT WaMPhyDSL-2 
RT 
WaMoriginal RT 
Age 1 0.574** 0.349* 0.441* 0.742** 0.739** 
Inhibition CRT 0.574** 1 0.468** 0.296 0.594** 0.516** 
Shifting CRT 0.349* 0.468** 1 0.407* 0.498** 0.337* 
Updating CRT 0.441* 0.296 0.407* 1 0.429* 0.465* 
WaMPhyDSL-2 RT 0.742** 0.594** 0.498** 0.429* 1 0.772** 
WaMoriginal RT 0.739** 0.516** 0.337* 0.465* 0.772** 1 
 
A hierarchical-regression analysis was then carried out in order to model the relationships between the games and 
the different cognitive abilities. The effect of age was assessed in the first step, and then RTs for the three cognitive 
abilities were added as predictors in the second step. The results of these analyses are shown in Table 3 and Table 4. 
Table 3. Hierarchical regression results for the WaM PhyDSL-2 game. Note: R2 = 0.700 (p < 0.001) for Step 1, R2 = 0.737 (p < 0.05) for Step 2, * p < 
0.05. 
Step 1 
Dependent variable: WaMPhyDSL-2 Median RT on Game Performance  Β SE Β β 
Age 2.239 0.511 0.700* 
 
Step 2 
Dependent variable: WaMoriginal Median RT on Game Performance  Β SE Β β 
Age 1.648 0.684 0.028* 
Inhibition Median CRT 36.612 59.046 0.543 
Shifting Median CRT 11.462 24.267 0.642 
Updating Median CRT 46.941 55.047 0.406 
Table 4. Hierarchical regression results for the WaMoriginal game. Note: R2 = 0.665 (p < 0.001) for Step 1, R2 = 0.778 (p < 0.05) for Step 2, * p < 
0.05. 
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Step 1 
Dependent variable: WaMPhyDSL-2 Median RT on Game Performance  Β SE Β β 
Age 12.271 0.682 0.665** 
 
Step 2 
Dependent variable: WaMoriginal Median RT on Game Performance  Β SE Β β 
Age 1.664 0.813 0.407 
Inhibition Median CRT 47.351 70.137 0.132 
Shifting Median CRT 58.426 28.825 0.373 
Updating Median CRT 22.073 65.386 0.060 
 
For both games, age was strongly related to game performance, accounting for 70% of the variance in correct RT 
for the WaMPhyDSL-2 game and 67% of the variance for the WaMoriginal game. Once the aging affect was accounted 
for, the additional prediction provided by the three cognitive abilities was modest, although still a statistically 
significant improvement over the model with only age as the predictor. This finding demonstrates that both games 
were sensitive to differences in executive function ability as captured by the three standard tasks representing those 
functions tests. 
Fig. 3 shows a scatter-plot of the relationship between age and game RT for each of the games (superimposed on 
the same plot). It can be seen that RT increased with age, in similar fashion, for both versions of the game. 
We then carried out repeated measures of analysis of covariance (ANCOVA) with the three experimental factors 
(input method, tablet size, and game variant) as the independent variables, and with age as a covariate. As a check, 
we also carried out an equivalent ANOVA without using the covariate. For both analyses, there were no significant 
effects on RT for any of the main effects or interactions. As can be seen in Fig. 4 although we had previously found 
strong age effects, and some cognitive ability effects, on game performance, the experimental factors did not have 
any effect on RT, which averaged close to 600 milliseconds across all the experimental conditions. 
 
 
Fig. 3. Graph depicting the relationship between age and RT performance on each game. 
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Fig. 4. Bar Chart showing Correct RT across the Eight Combinations of the Three Experimental Factors (Input method, Tablet size, and Game 
Version). 
6. Discussion 
The two hierarchical regression analyses demonstrate that RT performance on each game is most strongly 
influenced by age. The WaMPhyDSL-2 game showed roughly the same degree of relationship with the executive 
functions as did for the WaMoriginal game. This suggests that games developed quickly and efficiently, using the 
design specification language and the game engine, can be just as good as purpose-built games in carrying out 
cognitive assessment. 
Our ANCOVA found no significant difference in performance between the two game versions. Game 
performance was not affected by tablet size, and neither was there any change in performance when a capacitive 
stylus was used instead of the finger. These results provide promising indications that the process of cognitive 
assessment is relatively insensitive to variations in game configuration and to the form factor of the interaction. 
Cognitive performance, and cognitive speed in particular, is known to decline with age26 and thus the strong 
effect of age on the performance in our serious games was expected. However, it is possible that part of the slower 
performance effect may have been due to a speed-accuracy trade-off, where older people tend to carry out tasks 
slower, but more accurately. Further research is needed to assess the way in which differences in speed-accuracy 
moderate the impact of age-related slowing in the context of serious games for cognitive assessment. 
7. Conclusions 
Our results suggest that serious games for cognitive assessment are valid ways to measure cognitive ability: with 
both the WaMoriginal and WaMPhyDSL-2 games, user performance significantly correlated to all three cognitive abilities 
assessed. Furthermore, game engines can be used to facilitate the process of developing a range of games that are 
suitable for different types of patients: the development of the WaMoriginal game required more than double the effort 
required by the WaMPhyDSL-2 game. Furthermore, since 85% of the variable lines of code needed to produce our 
desired gameplay design were automatically generated by PhyDSL-2, different WaMPhyDSL-2 experimental variants 
were developed in rapid iterations that lasted no more than one day. This was particularly helpful when testing 
different gameplay-configuration candidates, to include in the design of our study. For the type of game considered 
here, game performance was relatively unaffected by the type of input interaction (finger versus capacitive stylus). 
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Further research is needed to examine the impact of other changes in form factor useful, For instance, in a hospital; 
patients may perform games in a variety of postures and using a variety of devices and interaction methods. 
The findings reported in this paper demonstrate and motivates the usefulness of model-driven game development, 
such as supported by PhyDSL-2. While the present results are promising, further research is needed to design and 
develop games that provide the strongest possible prediction of cognitive abilities, and to find a set of games that 
will match the needs and interests of a broad population of elderly patients.  
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